In a number of clinical studies, samples of human skeletal muscle have been analysed for water and electrolytes, and certain conclusions have been drawn about the composition of cells and tissues of the body in disease and at times individual diagnoses essayed. The validity of conclusions reached rests not only on the reliability of the analytical techniques used but also on knowing the variability in composition that exists within a muscle and the differences encountered in normal individuals. A preliminary of some of this material has been presented briefly elsewhere (Flear and Florence, 1963) .
MATERIAL AND METHODS
Seven individuals admitted for minor surgery consented to have single biopsies taken from the gastrocnemius or deltoid or both muscles. Samples were also taken from muscles exposed at operation in 36 individuals in good condition and in four whose general condition was rather poor. Each muscle was sampled at three widely spaced sites. None of the patients had overt disturbance of electrolyte metabolism and none had neuromuscular disorders. Details are presented in Table I .
Samples were taken from the pectoralis major in patients undergoing radical mastectomy. They were cut 'Present address: Department of Clinical Biochemistry, The Royal Victoria Infirmary, Newcastle upon Tyne. Received for publication 3 March 1964. after the muscle was dissected from the chest wall and removed. All other samples were cut with a scalpel immediately after the muscle had been exposed, and using forceps were placed directly into sterile, acidwashed containers. Three slices were cut from each muscle biopsy, and were weighed on a 50 mg. torsion balance graduated to 01 mg. The subsequent handling and analysis of these pieces of muscle has already been described (Flear and Florence, 1961 3   3   3  3  3  3  3   3  3  3  3  3   3  3  3  3  3   3  3  3   3   3 For subjects 8 to 47 the three biopsies per muscle were taken at]the same time from widely different locations in the muscle. Each biopsy was divided into three slices which were analysed independently for sodium, potassium, chloride, and water, with following exceptions:-Chloride was not estimated in biopsies from subjects 39-42, 44-7. Water content was determined in only two of three slices of each biopsy from subjects 8-38, 43-47.
Fat was estimated in all slices of muscle from subjects 1-7, 39-43. in composition are not attributable to sampling. Deltoid and intercostal muscles differ most in composition and, in both, water and potassium contents are low and sodium content is high. Significant differences were also seen between the average composition of different muscles in the same individuals (Fig. 2) .
VARIABILITY OF WATER, SODIUM, POTASSIUM, AND CHLORIDE EACH CONSIDERED INDEPENDENTLY As might be expected, variability is larger the more diverse the material; biopsies from the same muscle are more similar than from different muscles in the same subject, or from the same muscle in different subjects. Findings are summarized in Table III .
Column 1, Table III , presents variability found in multiple estimates of a single muscle extract (Flear and Florence, 1961 estimates of sodium added averaged 1-5 % less than actual additions (S.E. 0-02 %); estimates of potassium averaged 09% less (S.E. 0-01 %) than actual additions.
Column 2, Table III, shows the coefficient of variation of observations when samples are from the same biopsy. These figures are larger than those previously given (Flear and Florence, 1961) which were calculated at the time when techniques were being developed. We should perhaps regard the present figures as more appropriate to routine situations, although we cannot exclude the possibility that differences in coefficients of variation reflect clinical differences in subject samples, or even Coefficients of variation are derived on the basis of the random effects model described by Mood (1950) , details of the model used will be given elsewhere (Carpenter and Flear). Methods were somewhat unorthodox, but used all our material and are algebraically satisfactory (Carpenter).
Variability in the water, sodium, potassium, and chloride content of huiman skeletal muscle Possibly these data exaggerate differences that would be found in normal life; four of the 34 subjects were in poor condition (Table 1) , and all were undergoing surgery of some kind. Variation found on sampling different sites in a muscle in unlikely to be exaggerated. It is responsible for some 60% of both the total variation found when a given muscle is sampled in different subjects and of that found when different muscles are sampled in one individual. (Fig. 5) and similarly for all reference bases, and also between water and the sum of sodium plus potassium (Fig. 6) The regression of K on Na was therefore calculated, pooling data from different muscles (Table IV) . For the four reference bases shown in Table IV , correlations are all highly significant (0 001 > P).
'It is not an artefact. With the flame photometer used, the simultaneous presence of either cation leads to overestimation of the other. In extent, this depends both on the ratio of the cations and on their absolute concentration. Overestimation scarcely varies with the ratios met (Na/K = 0-14 to 1-40; Fig. 3 ) and, at the working concentrations of sodium and potassium used, is about 4 % for Na (3 to 5S%), 0-5 % for K. In the presence of phosphate both cations are underestimated; potassium to a greater extent (3 to 4%) than sodium (1 to 2%) with concentrations of phosphate of the order found in our muscle extracts.
FIG. 7.
Relationships between sodium and potassium contents of samples of muscle from subjects (Table I) Confidence limits define the distribution of control observations about the regression lines. Alternatively these regression relations may be used to adjust the observed potassium content of a biopsy to that which it would have been had its sodium content been average. For example, suppose the sodium and potassium contents of a biopsy are 26A4 and 77-1 mEq./kg. wet weight respectively. The potassium content is only 10% below the average shown in Table IV and the sodium content 28% below the average of 36-4 mEq./kg. (Table IV) ; neither is significantly low when considered alone (see Table III ). The expected potassium content of the sample, had sodium content been average, i.e. K(adjusted) is: K(adjusted) = observed K-(slope of regression line)x x(observed Na-average Na) = 77-1 + 0-853 (26-4 -36-4) = 68-6. This value is 20% below normal, a significant reduction (see Table IV ).
Coefficients of variation of unadjusted and adjusted potassium values were calculated for the nine observations from each muscle sampled in subjects 39 to 43; data were referred to each of the four references bases listed in Table IV . In all, 21 coefficients of variation for unadjusted K and 21 coefficients of variation for adjusted K were calculated for each reference base. All but two of the adjusted were smaller than the corresponding unadjusted coefficient of variation; in both exceptional cases ranges of sodium and potassium values were small. Analysis of covariance (to be presented in full elsewhere) showed that coefficients of variation of adjusted K values still depend upon whether material is from the same biopsy, muscle, or subject (Table V) . Variation of material from any site in a muscle is between 7 and 39% larger than the coefficient of variation for material from a particular biopsy. Those for comparing adjusted K observations with a standard for the muscle (row 4 Same muscle in different subjects 7-3 6-1 7-2 7-1 Any muscle in any subject1 8-6 6-9 8-7 7-6 These coefficients of variation were mostly calculated in a similar manner to those shown in Table III . Almost all available data were used A more orthodox approach using a small part of the data gives almost identical results.
These figures are underestimates.
It also implies that even when sample content is compared with standards compiled from sampling the same muscle in a series of normal subjects its appraisal is blunt. Variability is not lessened by quoting water and electrolyte contents of biopsies as amounts per kilogram of fat-free wet weight nor by using dry weight of tissue or fat-free dry weight as a reference base. But variability is largely orderly, and when account is taken of this order, residual stochastic variability is much less than the overall variability. Positive correlations exist between sample contents of sodium and chloride, and between sample contents of water and the sum of sodium plus potassium.
Negative correlations obtain between sample contents of potassium and sodium except when they are quoted as amounts per kilogram of dry weight of tissue. In all cases residual variability about these relationships is much less than total variability. Quantitatively, the precise relationships between sample contents of potassium and sodium are not identical in different muscles (Fig. 7) . It is unlikely that these differences were a result of differences in clinical conditions; close examination of Fig. 4 suggests that relationships differ for different muscles from the same individual. Findings illustrated in Fig. 4 also suggest that relationships for a given muscle may differ in different individuals. These observations have been subsequently confirmed by statistical analysis.
Examination of the sodium and potassium data in detail also shows that, as with total variability, residual variability is enhanced when samples are taken from different sites, in muscles or from different individuals.
These findings have a number of practical implications. 1 Because variability in composition is largely orderly, a sample affords a reasonable index of a whole muscle, when account is taken of this orderliness. If potassium is to be estimated, the sodium content of the sample should be taken into account; similarly, if chloride, the sodium content should be considered, or water, the combined amount of sodium plus potassium should be known.
2 A sample is best appraised by comparison with standards compiled by sampling the same muscle in normal subjects. It is shown that it is legitimate to compare a sample from a given muscle with standards complied by sampling several different muscles but this entails loss of precision. 3 The existence of various components of variability implies that considerable care must be taken to ensure that a coefficient of variation is appropriate to the comparison for which it is used. 4 Fat is not a major source of variability in composition. Nevertheless, fat should be estimated when tissue solids are to be used as reference base; when potassium and sodium are quoted as amounts per kilogram dry weight tissue, variability in the fat content of samples obscures the negative relationship between the contents of these two cations. 
